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:CONSOLI:OATI.(JN YPROPERTIES OF WILKtNSOt{ BAS .. If't . 
. . .. . .. . . . . . . . . .. . . . . . > 
GllLP OF ~1AINE 
by 
P'eter Thomas Dzwilewski 
Abstract 
I , 
Wilkinson Basin, wl1icl1 is located 100 ktn east of Bos,tpn, is 
" 
·, 
' I
' 
' , 
..... -- ~. 
I 
I 
I 
j. 
' 1. 
i j 
i' 
t 
i 
;. 
i j, ·; 
l 
i I . 
bei11i; de·veloped into a· geotecl1nical test area to obtain informatio1 
1 
i 
011 the e11gineering bel1avior o:.f inarine soils. 1'o. define the conso 1 i- · 
f ~ ' ' 
. • I 
.dation cl1aracteristics of. tr1e basin, fourteen labora:tory consolidation 
>? 
J 
tests \"/ere n1ade _on core srunpl~s f1·om ni11e locations. 111e con1p1·ess:Uon 
index, Cc, computed fron1 trio· relatio11ship of tlle ·Voi1d ratio to tl1~: 1 
.. 
. logaritl1m of J)ressu1•e,, va!ied frotn. 1.0S .. to 1.65 and 1average:d 1.36 .. 
The coefficient of consolidation, cv, determined hy the lo~arithm, .• 
of time fitting method, averaged s x 10-8 m2/s over~ load'range·of 
2 to· 1000 kN/m2. 
... 
This series of tests on tlle silty-clay .sediments .of •Vilkinson : 
,. i._ I 
Basin s11owed tl1at: the cc· values are fairly u11iform tl1rough,out the 
basin; Cc decreases linearly with. depth .below tt1e sea. floor.; t.he 
.. 
~ app~ication .of back. pres~.ure to these ·,samples did 11ot change t.heir 
" 
comp'ress·ibilities; ·the compressi.bilities of these sediments' can be 
estimated adeq~ately using any of tl1e tl1ree emp~ric·al equations 
l develo~ed in this study relating Cc to-the liquid limit, irt-situ 
• • J • 
void ratio and in-:-situ water content; the c values areltypicaJ of 
. . V . ~ 
. . 
highly-plastic .cohesive soils; the .application of .. back presisure t·o1 
, I . 
t}1e sainples affects cv at loa~ less than the preconsolidatton · . 
pressure but 11ot at loads g.reater than· it.; and the sediment:s. a:re apt 
parently overconsolidated. 
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" ·' I \4/ilkinson:., 11.a.s..i-n:-, w·h.ich is locate-q. l(JO; km .e.asC't· ·::6:f ~B'ost~n., is 
J ? 1 I' 
~ . .. \ : I 
·b-e·ing ·developed into :a ge·ot.ech.riic.~1 :test .ate·a. t..o· .:obt·'.ain .infjormation. 
j 
'. 
•. 
I 
on the engineering b·eh:avior of' ma·ri·ne soi ls. ·. .·;_ '. . To def.ine the consoI1-
. q . 
• I 
dation'. characteristics ··of th;.e :basin, fourtee.n labo.r.atory GOjnsoli.da'tµion 
. ' 
.; . f .. . . . ' 
tes:t.~ were n1ade .on c;o·re. s.~ple.$ ·f:rc>'m nine loc:ations·., Th·e cpmnressj\.1on. 
• I . 
t. , 
. r,: ' index, Ge, computed .from the relationship .()f the Void ratif to- tl;ie 
I, 
. . i-. 
log-arithrn of ·pressure,· varied from 1. 05 to l. 65 and averag~d 1. 36. i 
l ' 
' . 
"t<'' t • 
• .,. i . 
the coefficient of consolida,tion, cv' ·.determinecl by the .lo~Rrithm 
l . 
o,f. time fitting method, averaged 5 x 10~8 m2/·s. ov.e-r a load .frange of· 
I . . 
2 t·o. ·1000 kN/m2 ~. ' p 
j ' 
l 
L 
i 
,\ 
1 
j 
Th-is series of test:s t,:n · the silty-clay sediments of W{lkinson : 
-~. ; !ii. 
r , 
Basin showed .that: the Cc va·lues are fair_ly uniform_ th~oug~put the; 
·, 
hasin; Ct decreases linearly with'depth below the sea·floo~; the 
-ap·p11··c.ati·on of back p·res'sure to these ~-a:mpl.es .did no't change their 
(/ I' 
\ I . 
- . J (' 
cofflpressibilities; the compressibilities of the.se sediment4 can 
I. 
: i 
.. I. 
be· 
'. 
' :·estimated adequately usi·n.g any of tl1e three empirical equa1tions i + l 
·; ' 
. I 
- ' . , 
developed in this studr relatint cc to the liquid limit, i~~situ 
' 
·, I 
If: • ', \ 
·vo:id ratio and in-situ water content; the c values are· typical of.' 
V : 
' 1 
. . . . r 
. h:tghly-plastic cohesi,ve soi ls; the application. of back pre~sure to .: 
l 
"j • 
the samples a~fects'cv at loads less than the preconsolida~ion 
·, 
' I 
.., -i 
pr~~sure but not at loads·greate~ than it; and the sediments are 
·' 
.. ; . 
• ~ I 
apparently.overconsolidated. 
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Intro d uc't i c,n. 
I f •" 
Wil]~_i.1:is·on Basin is situated on the contin·e:ntti1 shelf alJout 100 rkm· 
i' :· 
. ' 
f:. ! ' i . 
. ' f. . 
east of· so·sto~ (Fig. 1), where the water depth is·_ approxima~ely 260·.im:. 
I I~ ·t, . 
·t 
Thi~ b.<:lsi.n was formed by ·a combination of glac_ial' and fluvia~. erosiorl 
-- "'" 
and dep.osit:i'on ·a:n·.4 th~ bo.t_.tom i's covered :w$th 
: 
.. 
i 
t 
a fine·-grainepl, highly-
!& 
i 1 
,,; : 
·pJa-stic, -s-ilty cla·y: .. " Th~ geol~gy· of. the. · area is discuss~d ~.n d~·_tai:r) 
1 . 
·'·: 1 
-~ <: 1 
I 
I : 
.. ; I ' I 
- ·."1 • • I 
' 
.~: 
... 
. 
:i i ... r ,_ 
. !1 ea 
·by Uchupi (18) ···.· \Vilkinson .·Basin is bein_g cie:velop·ed. into a ~~ot~chnical 
·j 
I 
. I 
. I- I 
' 
' ~ 
"· h 
test a.rea. to obtain scientif·i·c ,-a~a· .. eng.ineering information pn· the be-
• I . 
' 
. ' 
hav:for o.f· marin·e sq.i·ls :(12:}~ · J4:..-S: .pa.rt of this investigation~: the mass--
. 
. 'T) 
' . 
' J" 
... p!iys·i.c~·a:l, shear s:t·re.itgtl:i .. ,. co11$olid:ati'o,n and geoch-emical prop1erties <tlf 
i '.'\.· , . ' I i, 
the sediments are beirig studied by a combination of laborat~r)' ~nd 
' 
t 
' 
. 
the pr~ject will 
' 
•, 
i·n~pl.ace testing methods. The knowled·ge gained ·fr.om 
. I ' ' 
\ l: 
. 
. " # :' \ 
'a.s.sist· any ·organization wishing to.· test 1equipme1Jt. in a geot~,chrti.cally. p 
' kn·.own e.nviro·nrnent '. . This. ·paper- reports on the d.eterminat.ion;· f of the 
' I
c:.:o.n.s.o:1i_d:ati.·on proper·ties· ·of the Wilkinson Basin se-diments ~ 
' i: ... I I 
the· obj~ctives of the study are: td det~rmine th~ comp~ession 
. 
. 
' :; i 
'1 I : , . i_n4ex arid the:· coefficient of consolidati'.on which will e:nable a predi:c- ·· 
, 
. i · _ • . L . : : 
. I -
.: - . . 
·ti:c>n of· ·the magnitude and the rate o·f settlement of the soi~· under a 
I 
··_gi:y:e.n loading condition.~ to compare the 'effects of using batk presslllre · 
1, 1 
' r- : j; ; 
• : JI t.o as:.sure 100% saturation ori the soil being teste.q, and: to ~evelop 
:pr.edic:tor equations for th-e ,compre'Ss:io.n ·index· .in t.e.rros 
.. :g·e·o·te-chnical properties. 
. JI 
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'S.I. units will be use·d th·roughout the paper with ~n_gi~eering . 
., U I 
units given where necessary .. The symbols used a~e d~fined Jhere they 
~ I ~ 
:r,1. 
:: . 
first appear and they are alphabetically' l:i,,~ted in' Appendix ]Jr', 
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Co.r·e: ·a.·nd Sample Information 
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t ~ 
ten cores were raised from Wilkinson .Basin °.(tahle · 'l) duft_.ing. ,an 
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· :oc;to.l:>-er ·· 19 7P.,. c:ruis.e:: o.f th.e u. s. Coas-t Cua.rd .. C:tit.te.r ·EvergrelE:n using 
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.. the .L·ehi_gh plastic-bat·rel grayi ty co·r.,e,r, designed .to minimize;·: d1isturb~ 
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to t-Fi,e laboratory,: -th:e :c:o·.r··e·s :were store'd ·.in a ,core :t;"efrige~~tor at 
,' t ' . 
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i' 4 °C (approximate in-·s'itu temperat:ure) to m·inimize biologi~a.1;r.and chemi~ 
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c'al deterioration and ,at approximately 100% relative h~idit/1 to 
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prevent ,water loss. The :geotechnical tests, (Table 2} were· .ckDmp1eted · 
. • - ~ • ~- .t ~ .:. 
i ~ 
in the spring of 1·971. The numbers that ·appea.r i.n this tabl;e are 
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were tinder a hack., p:t,e:.su:re of 520 kN/m2 (10, so6' lb/ft 2}'. 
, . 
. o.f applying back· pr·es_.sure is, t,6 reproduce in-.si·tu .h),dro·st·ati~ pressut~ 
" · ..·.· 
. . 
conditions.. (7} •.. Specifically/,. the applicat:i:oin· qf l>.ac~· ·.pr:¢.s:s.~r.e r~--
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pissolve!5 ,g~:s.es that. may h.a.v~. ~ome out oj~ so1:t1t:i.on f.rpm· th~ ppre .. ·£.lt:i:ho. 
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. i l . ~ 
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wh-en ·t:he c.ore was raised ~rom ~he high· hyd'i~52stati.c -pressur~ cpndi tion,s 
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t . . r· 
of ·the: :s.ea floor to atmospheri;t coripi.tions. A1t-hough the· Anteus 
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:ro:·a:chities a.re 11ot capable of ~i~ulat·ir1g t·h·e- :;i'n-pJ:ac::e pressure (condi- .· .. ;: 
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1 t · 
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· . 2 L 
tions o.f Wilkinson Ba.sin (2~0.Q; kN/m ) , it is expe·cted that tq~·se, 
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.. s:amftl:es ., which h·ad a l1igli natural d·egree of satu~ation (Tabl~: 3), wi]1 
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be vexy near if not at saturation af:ter the application of b4tk 
.. 
I • ~ "' • 
p.~e-ssµre. Delflache and Bryant · (2) reported. having atta_ined lsatura- ; : 
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The QOl!lpression index, C·cf is the parameter commonly use~ ,to 
l: 
i' 
', .·. 
1 ;_ 
.. 
! 
l 
'i.-
i 
. ' 
'. 
I· 
i, 
. 
~-· .• !. . , •. 
d·esctibe t·h.e c;·9mp.:r~ss·ibility .. of· a soil. It is tl1e slope of ~he ·virgiln 
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The co111.pres·s:_i.on. i'ridex of the Wilkinson·. Basin sedime.nt,s cann~:t unique:~ .. 
... •. [i"-:. 
ly: be ·deJ~i.ned as their virgin compression curves ar·e- -not li~ear~ b·u:i 
'I' • ~ ;1 1,1 
/:-' 
~-
~ ~ 
· ·c'C)n¢c1;ve upward and ri 0 ght .(Fig. 2). Howeve.r, if pa.r.t,. :pf t~e\~ vir.g:in 
: 'r· i . • i ., . 
-~ . 1 i ~ 1 ¢ompre.ssion curve.s 1.s. approxi}nately' by. :a: stt.aigh·t line, a iCJ: c~n- 'be, .. ,. 
,. 
de.termin,ed which is valid ov~r th~, :ran:ge: -Of· t.he approximat:id~. ·. In 
'. :\ 
I ' • . :j I 
:t_.his st·udy, the. reported compres·s··-i.on indic·es Crable 3) are: ·valid over 
\ 
.. the approximate range of i0-200 kN/m2 (200~4000 lb/ft 2). j 
' 
' i 
:1 ! ·. 
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•' 
. .1, An average ':·ompressioi1 inde:x for the Wilkinson Basin ~~fdiments · 
'i / •. 
·~ .1~ 
,.;is ,·t_.36, with:.a··s-tandard deviationo_:f. 0<.20. 
', i 
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t.o l .. o.s:. lt:, could not be determined· statisticaJ.fy, whether; ~1lle ~vari-~ 
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. ~ . ;.: . 
', ,, 
~ 
,ft·i-c,,ns '111' .c· wer·e.- ''caused by random sampling ~·arid testi·ng prlod.edures. 
. . C 
. , •·. 
v~, ; \. 
or by actual differences in the soil behavior. Howev,er, t:f11; ::ange · 
.;- . I . :r . . I 
o.f cc and.the standard devia_ction reflects the homogeneous r1:ttre of 
. ~ 
. ' t .. 
the' s~dirnentsi Base~on grain size analysesi_only the·ext~~~e north-
! }, I 
1 ·. ' 
e·r-n ,and. s.outhern po~t10.ns of the basin {cores· ._--2ElD~ and 2E9~f:, respec- -~-
~ ·, 
' 
t I I ~ ; , , ·'. 8 ti·ve·lyJ .d-i·-ffe.r '·sig:nificantly from tl1e ~v~ra..g:e cqmposition bf1 the '.' . ' .. ' ! < •. 
; . 
I ' ! 
bas1n '(Table :2_). ·The two sampl·es ·f·rom- -core· 2E1D, which coht:~{ned .7·%. 
\· 
:saJ1.d.-s'i.zed pa:rtic.1.es, had ·the lowest compression indices, l .,05 and 
' ', 
. i 
,· ~ •. 
1.10. jTIJ.,.e .sal_llp1e from core 2E9A was composed of 65% 'Silt- a.~d ·35% 
! i 
s-il t ·· 
·" 
~- ~ : : .. '. 
cl,1y~sized ·particles, but this 2390. difference from the avetage 
. : ·f 1 
• f !!' . 
· ·,and clay contents did not change the initial void r·a:ti·o · ana }Cc 
significantly. These variations of C, although intetesti~~~ are ~ C : <:,: 
smal 1 and ·un~mportant for most -e·ng;inee-ri.n.g ·purpo·ses. 
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or: ·the .satnp1[.:es 
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and J .:os·, respett1.v·e1y. £ram"· The q·omp.ression ind·ic_es· 
i I. 
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co:re· 2E5B wi tl1 and wi-t:hoti-t ·ba·ck pressure are 1. 60 and l. 65!, :respe·ctive-
: ,, 
j I 
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i ly_ • These small diffe··re-ric·eS in· C are we 11 within the exp~r!imental 
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Based on the above Cc va~~s.:, al'\d · 1;~e 
. : , 
. I , - • ; 
·e_rr.or o·f 1the consolidation test. 
e l()g p ~urves with and. without back pressure' from cores 2~1b (Fi;g. ! 3) 
~ ' t 
r . ~, 
· \ I!; 'fA_ · ! and 2E.5B ·(not sl1own), ·.it is· -conclu1ded that the appiicatiopf- Q{f· back · ! 
t : '.• . 
. I . ' -
·.~ :. . . ~ l ~ ' I J>re:~~u.-re to :the.$.e \s_amp1,eis does not change· their compressibil~ties>~· , 
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Th:e ove·rconsol.idatiori ratio_· is. ·d.ef:irte.d: as- t:h·e r·ati:o of·· ~he 0 pre;· 
· f j 1' -
,1• . ! 
Ove-rcons o I i.dat ion Ratio 
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-consolidation pressure to the e_ffe_ct.iy-~ _ overbu-rd·ep pr1es_sur<f: \(6) .· 
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:Casagrande' s rne-thod was-, us-e:d t.o dete:rmine. th .. e '_pre_con·solidp.ti-~n 4 ~ 
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.. p·ressure, p . ,. -- fr-om the e l.og p curve (.~) , a1td .:the effective 1bverb1urden 
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pr·~s-S_llF't:~· ,-. .d (), ~ was C:alculated from the -ilab:oratory bulk denS ii~)' te:StS i: 
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This apparent overcon~oJ.idationi 
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~- , dation pressure· at any- given depth. 
ph.enomenort has been reported. by ·othe,rS !(l, 4, 13} for mariJe ~ediments · 
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o~etcons,oli-
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d·ation 
.. . . .. ' .as-· it has been termed·, ca-n- be eX.J?l-ain-ed in terms 
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ch,enti·c··al. _and: -time e'ffects and son1e of -its proposed caus·e:s 
r~cent.ly reviewed by Noorany arid. Gfzienski .(11). 
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-. Two' common ways of dete~in.ing· the ·coe,fficie_bt: o_f conslolidati.on,,,l, :.; . i ?.-
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•• •, 
I ,, 
c ,· from e:xp~~imental dat·a are the logarithm of time fi ttiJg J and the .. V - --- . . . , - . - - .. - - - r :, 
:square :root of :t,im¢:' fitt_in.g me-'thod·s· (6). 
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The ·formt'.lr methodf Mias . 
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arbit.rarily cho.s·en and used·-'on'al.l f:ests .. , ,vh-ile bot.h method!s'1;were, ·:·-:--· 
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l;faclc p:ressure was $ X lo- 8 m.2/s while the aver.age. v.alue for tko tes-ts 
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A p·oss'i,b,le :·~:~plaJ1<1:ti.o.n· for- t-b,i·s :di,ffer¢n_c:e'. _i·s· ·that the permea
1
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.. air b11bb.les to interfe-r .. e w·it.h· ·th:e :£1c)W' o·.f _pore, fluid out of' the sample. 
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At loads greater tha.11 fl'j.e p.reconsolidatiolt pressure, the di{f~rences ' 
in Cv are sma_ll ahd the· aver.age C'_,; value. for both series of· t_jest.s i~ 
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p:1\e.s·sur~d: samples: -are. hidden hy the l·a·rge: samp-Ie d·te-fo·rmatiop~j abpve -· 
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.effects on C:v d.epends· cm whether the ioad:i;ng conditions are iess th.a~ 
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.or gre:att~r ·than :the: :pteconsolidation 1p,r:~s.sure. At loads less\than 
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·· t'l1e. pre·c:o;rJ?iO:li:d.c1t.ion pressu:r.e, the :Pr~·d·ict.ed rate of settlement using 
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'\•from a back pressured test will be fOur times greater tharyf the 
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loads greater t~an the pretonsolidation pressure, there will ·-.:-~e ~ no 
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diffe.r·ences. in the .predi~ted, rates of· settlement. 
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Th-~· 'µse. of ·e.-q·ualtions s. an·d .6 · is .~imp-le: a.n·d :may· have wiide f1PP)i,ta-
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·' b..i1,it·y tt> rnarl·ne sediments... _Th·e· only propert·y :that i:s· "needed ·is .'.th1 , . 
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·vo:id rat:io ot water ;Content, '-Whi·ch c·an be .dJ·r:¢c:·tJy· · .o·r, i:ndire~tlyJ 
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·:tt was ·fo:und from the four conso1.idation t·ests -m·ade' ·on.~core · 2E6'A-
. ·-· .· . . . . >··' •. . ~ 
i I, 
:t.hat t·h:e :compression: index decre_as¢s linearly with· dept·h bel:ow the·· 
.•; . 
''. 
' 
sea floor. ·The least s_qUt:l'r,es· eq-ua·tion :of cc.· in terms ~f- dep1th below: 
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'where: 
~il-:::: ; . . . " . . - . ; . . . The above equation is valid· f:c)r :o •. ss.- to 1 •. _6.5. rn, 
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which is the: ran~ ~f 
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values that was used:to devel~p it and it can possibly be extr~polated -~ 
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to ·several meters. However, ·the. ~quation ,implies that Cc _wi~l b.e 
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ted that Ge wil 1 decreaSe ~i th depth to a · certain value and ;then · be ! .· ., 
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fairly const-ant. 
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in-situ void :vatio· is nearly con_stant for cons~ide.raole depth;~ below· b\ 
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the sea ffoor (4). 
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th.e _:fi:~;1-d .~V-i,rgin compressi~oii curve ·can 1:?e es:.ti.ma:te:d.>and: -a·n: -~mproyetj 
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C c:an be determined ... 
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manner for the 14 samples of this: study were an average 'of i,:2~ gfeater 
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' i ' than_ those det:er1nined from the laboratory compression curve$,[. · T]iii~ 
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differe~ce is' not considered excessive and is interpreted a$! an ~pdi-
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cation that the _sampJ_es are of g:ood ,qua.1.i'.t.y •. -
Coefficient of Consolidation 
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An analysis of· varic1-nce 0£·· ¢v ;wi·t]) d.eJ;>t·h below 
the four te.sts. on core 2E6A showed- th:a.t there was ·-n.o s.fgni.fibant I 
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' . difference between'the c 
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values. 
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1 I Fourteen labor~tory consolidation tests were made on <;:Pi:e .s,ples 
fro~ \Vilkinson Bas:·in to determine the consolidatio'n proper1t:ies ·of its 
·.-.··-a· · .. · t· J se · .. 1.men. s. · . .. 
I. 
. . 
I It was found that the compl[.esston iTldex., cc, coulcl no~: ]Je 
j, 
• i I , 
uniquely defi.·ned as the virgin aompres,s1on curve.s.- · (C>11 ... a se~;-l?g 
,! .... 
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I < • • 
•,.. ; • •;. 
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r 
I 
graph) of these sediments were not linear~: How~ver, Cc over the p-
.: I 
proximate range of· 10-200 kN/m2 1averag_ed 1.36 ·and was· fafr1~- uniform 
-ct 
throughout the basin. · This range of lo.ad:$ .. i.:s _probably ad,eq~ate for 
l .. ~ 
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